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Specification 

1. Title of the Invention 

Voltage gain control amplifier 

2. Scope of the Patent Claims 

(1) A voltage gain control amplifier characterized by being equipped with first and 

second transistors that perform differential amplification on signal input; third and fourth 
transistors that constitute a first differential circuit of the emitter junction in which the 
current distribution ratio varies depending on the gain control voltage and said emitter 
junction is connected to the collector of the aforementioned first transistor, and that 
supply the collector current of the aforementioned first transistor; fifth and sixth 
transistors that constitute a second differential circuit of the emitter junction in which the 
current distribution ratio varies depending on the gain control voltage and said emitter 
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junction is connected to the collector of the aforementioned second transistor, and that 
supply the collector current of the aforementioned second transistor; and a seventh 
transistor which constitutes the collector circuit of the aforementioned sixth transistor, of 
which the base is connected to a common collector resistor connected to both collectors 
of the aforementioned fourth and fifth transistors which similarly operate depending on 
the aforementioned gain control voltage, as well as to the collector to which both the 
aforementioned fourth and fifth transistors are connected, and of which the emitter is 
connected to the collector of the aforementioned sixth transistor via a collector resistor. 

3. Detailed Explanation of the Invention 

This invention pertains to a voltage gain control amplifier that changes gain 

depending on the magnitude of the applied DC voltage. 

Figure 1 is a circuit diagram that shows an example of a conventional voltage gain 
control amplifier, (i) and (2) are npn transistors that constitute a differential pair, and (3) 
and (4) are first and second signal input terminals connected to the bases of transistors (1) 
and (2), respectively. The emitters of transistors (1) and (2) are connected to each other 
via resistors (5) and (6) which are connected in series, and a current source (7) is 
connected between the connection point and the ground point of resistor (5) and resistor 
(6). (8) and (9) are npn transistors that constitute a differential pair, and their emitters are 
both connected to the collector of transistor (1). (10) and (11) are npn transistors that 
constitute a differential pair, and their emitters are both connected to the collector of 
transistor (2). The collectors of transistors (8), (9) and (10) are all connected to a power 
supply terminal (12), and the collector of transistor (1 1) is connected to the power supply 
terminal (12) via a resistor (13). The bases of transistors (8) and (1 1) are both connected 
to a first control voltage terminal (14), and the bases of transistors (9) and (10) are both 
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connected to a second control voltage terminal (15). Also, an output terminal (16) comes 
out from the collector of transistor (11). 

The operation of this conventional example is explained below. If the mutual 
conductance of the differential amplifier constructed of transistors (1) and (2) and 
resistors (5) and (6) and current source (7) is taken as g m i, the DC voltage applied to the 
first control voltage terminal (14) is taken as Vi, the DC voltage applied to the second 
control terminal (15) is taken asV 2 , and the resistance value of the resistor (13) is taken as 
R L , then the gain of the voltage gain control amplifier shown in figure 1 exhibits the 
change as shown by the solid line in figure 2 depending on the value of Vi - V2. On the 
other hand, if the current of the current source (7) is taken as Io and the DC power supply 
voltage applied to the power supply terminal (12) is taken as Vcc, then the output DC 
potential at the output terminal (16) exhibits the change as shown by the dotted line in 
figure 2 depending on the value of Vi - V 2 . 

Because the conventional voltage gain control amplifier is constructed as above, if the 
gain varies depending on the value of Vj - V2, then the output DC potential changes at 
the same time, and therefore it is difficult to connect it to the next amplification stage, 
and the amount of change of Vj - V 2 accumulates in the output signal, and produces bad 
effects. 

This invention was devised in order to eliminate the above drawbacks of conventional 
devices as described above, and its purpose is to provide a voltage gain control amplifier 
in which the output DC potential does not change in cases where the gain is varied 
depending on the control voltage Vi - V 2 . 

Figure 3 is a circuit diagram that shows an implementation example of this invention. 
The same parts are shown by the same code numbers as in the conventional example of 
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figure 1, and their explanations are omitted. In this implementation example, a transistor 
(17) is inserted between the power supply terminal (12) and the resistor (13) in the 
collector circuit of the transistor (11). Its collector is connected to the power supply 
terminal (12), and its emitter is connected to the resistor (13). The collectors of 
transistors (9) and (10) are both connected, but they are not connected directly to the 
power supply terminal (12). Rather, they are connected to the power supply terminal (12) 
via a resistor (18), and this commonly connected collector is connected to the base of the 
transistor (17). 

In the voltage gain control amplifier of this implementation example constructed as 
explained above, the change in gain in response to the value of Vi - V 2 is completely the 
same as in the conventional example as shown by the solid line in figure 4. The change 
in output DC potential in response to the value of Vi - V 2 is described below. If the DC 
bias voltages of the first signal input terminal (3) and the second signal input terminal (4) 
are equal, then the collector current of transistor (1) and the collector current of transistor 
(2) are equal, and they are both Io/2. The collector current (Ics) of transistor (8) and the 
collector current (Ic9) of transistor (9) vary depending on the value of Vi - V 2 , but if I C s = 
a x I 0 /2, then I C 9 = (1 - a) x I 0 /2 (where 0 £ a £ 1). Similarly, the collector current (Icio) 
of transistor (10) and the collector current (I C n) of transistor (1 1) are Icio= (1 - a) x I 0 /2, 
and let i = a x I 0 /2. If the resistance of the resistor (18) is taken as Ri, then the base 
potential V B of the transistor (17) is V B = Vcc - Ri (Ic9 + Icio) = Vcc - Ri (1 - a) Io. 
Therefore, the output DC potential Vo at the output terminal (18) is 

V 0 = Vb-Vbe-RlIch 

V cc - Ri (1 - a) I 0 - V BE - Rl<* Iq/2 
V cc - V BE - { Ri (1 - a) + R L a/2} I 0 
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V cc - V BE - [Ri + {( Rl/2) - R,} a] I 0 
Here, V B e is the voltage between the base and the emitter of transistor (17). Therefore, if 
R L /2 = Ri, then V 0 = V C c - V B e - Rtlo, and there is no relationship to a. That is, the 
output DC potential V 0 does not change depending on the control voltage. This is shown 
by the dotted line in figure 4. 

Furthermore, if an AC signal voltage is applied between input terminals (3) and (4), 
the amount of change in the collector current Ic9 of transistor (9) differs in phase from the 
amount of change in the collector current Icio of transistor (10) by 180 degrees, and since 
its magnitude is equal, the sum current does not change, and it does not appear as a 
change of the base potential V B of transistor (17), and therefore it also does not appear as 
a change to the output DC potential Vo. 

Furthermore, in the above implementation example, a voltage gain control amplifier 
constructed of npn transistors is shown, but it can also be constructed of npn 1 transistors. 

Also, in the above implementation example, the explanation is limited to DC voltage, 
but AC voltage can also be used, and in addition, if the output signal of this amplifier is 
controlled by a rectified current, it can become an automatic gain control (AGC) 
amplifier. 

As stated above, by this invention, there is the effect that it can be easily connected to 
the next stage because a circuit that eliminates fluctuations in output DC potential 
depending on control voltage is added. 

4. Brief Explanation of the Diagrams 

Figure 1 is a circuit diagram that shows an example of a conventional voltage gain 

control amplifier; figure 2 is a characteristics diagram that shows the relationship 



1 This is a mistake in the original Japanese. It should probably say "pnp". 
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between gain control voltage and gain and output DC potential of this conventional 
example; figure 3 is a circuit diagram that shows an implementation example of this 
invention; figure 4 is a characteristics diagram that shows the relationship between gain 
control voltage and gain and output DC potential of this implementation example. 

In the diagrams, (1) is a first transistor; (2) is a second transistor; (3) and (4) are 
signal input terminals; (8) is a third transistor; (9) is a fourth transistor; (10) is a fifth 
transistor; (11) is a sixth transistor; (13) is a collector resistor; (14) and (15) are gain 
control voltage terminals; (17) is a seventh transistor; (18) is a common collector resistor. 

Furthermore, in the diagrams, the same code numbers represent the same or 
equivalent parts. 
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Key to the figures 

Figure 2 

[Left axis] Gain 

[Top center, dotted line] Output DC potential 
[Right axis] Output DC potential 
[Center, solid line] Gain 

Figure 4 

[Left axis] Gain 

[Left center, dotted line] Output DC potential 
[Right axis] Output DC potential 
[Right center, solid line] Gain 



